ABSTRACT
INTRODUCTION
Initially, the industry was properly focused on labor productivity, while these days industry focus on the productivity of knowledge worker. In line with transition from manual to automated manufacturing and knowledge-based production, the proportion of knowledge workers is widely increased. Knowledge workers are rapidly becoming the only major group within all developing collar workers became the same and this trend continued so that in 1980, this ratio became 1 to 2 (Mundel, 1975; Soltani et al., 2004; Takala et al., 2006) . Nickols (2000) noted that shift of manual worker to knowledge worker will continue on an ongoing basis (Naisbitt, 1982) . Some believed that this trend will result in a larger change which called transforming to postindustrial society from an industrial society (Drucker, 1988) . In such a circumstances, Drucker (1999) stated that, "The challenge today is not to increase the manual labor productivity, but it is to measure and improvement of knowledge labor productivity." (Drucker, 1999) .
Since 1111, scientific management school is developed and deployed many tools to evaluate the performance and productivity of the workforce. The assessment methods of this school was generally based upon output or input (Drucker, 1999; Horvath, 2001; Huang et al., 2003; Josu et al., 2006) . But with the shift from manual labor to knowledge labor, the challenge which is associated with KWs productivity is how to measure the performance of KWs. Their tasks are not tangible, measurable, or schedulable and everyone does it in his own way (Davenport and Prusak, 2000) . Knowledge works usually are influenced by various external factors, consume more time and can be done based on teams (Soltani et al., 2004) , Which harden the KWs performance evaluation.
As it mentioned, the nature of knowledge work is too complex, which makes it harder to measure (Soltani et al., 2004) . Researchers developed productivity measurement tools based on quality, quantity, outcomes and costs. These tools are different in terms of complexity and ease of use, But there is an agreement that no effective and practical tool is developed for assessing knowledge labor performance (Davis, 1991; Drucker, 1999; Ramı´rez and Nembhard, 2004) . At the present time due to the continuous growth of knowledge workers and their importance in modern industry, the existing literature emphasis on the need and importance of developing quantitative models to evaluate the performance of knowledge workers (Schroeder et al., 1985; Salleh and Wee-Keart, 2002; Ramı´rez and Nembhard, 2004; Takala et al., 2006) . Existing literature solely emphasis on importance of knowledge workers performance evaluation, but does not provide in order to fulfill and realization of KWs performance evaluation. The researchers consensuses on the necessity of knowledge workers effectiveness appraisal tools to improve their productivity (Ramı´rez and Nembhard, 2004) . So, the need to develop a framework for evaluating the performance of knowledge workers has been emphasized by lots of resources as a critical element for managing KWs in recent years (Soltani et al., 2004) .
Regarding above this paper aims to develop a customized model of KWs performance evaluation for an Iranian research center. 
RESEARCH LITERATURE
The term knowledge worker that sometimes arises as white-collar is relatively a new term. Drucker (1959) used this term for the first time in order to refer to employees who worked with intangible resources. Since then KWs are introduced as high rank workers with academic and analytical knowledge who expected for development of new products and services (Drucker, 1994) . Other researchers updated Drucker's opinion and believed that KWs can learn from informal sources of knowledge through experience and other sources of knowledge in addition to academic education (Naisbitt, 1982; Dreger, 1989; Drucker, 1999) . Davenport and Prusak (2000) defined knowledge workers as those who engage in the production of knowledge, such as product development engineers, or those who knowledge is the major part of their work such as financial experts. This concept was developed over time and people with high degrees of education or experience, whose works comprehend creation, distribution, or use of knowledge were included (Davenport, 2002) . Another definition of KW is: Anyone has special tasks to develop and use of knowledge. With this broader definition, KWs are people like managers, engineers, accountants, systems analysts and programmers (Horvath, 2001) . Nickols (2000) presented several differences between manual and knowledge labor, and stressed that the most important difference is KWs work with information while MWs work with materials. Although knowledge works are featured with distinguished career, both of knowledge and material works are at the ends of a spectrum, which means any works contains elements of both groups (Naisbitt, 1982) . Drucker called knowledge workers who does crafts, "Technologist" and noted that this kind of workers will have the highest growth in the world (Drucker, 1999) . In another view Dove (1998) classified knowledge worker into three sub-sectors (Dove, 1998 
EVALUATE THE PERFORMANCE OF KNOWLEDGE WORKERS
Organizations to achieve their goals, requires the use of a variety of measures to monitor, evaluate and improve their processes (Ramı´rez and Nembhard, 2004) . Performance appraisal is most widely attended in the field of human resources (Soliman and Spooner, 2000) which ensures its importance. In recent years, development of performance appraisal systems are highlighted, especially in comparison with the other functions of human resource management (Soliman and Spooner, 2000) although the dominant purpose of performance evaluation, is improving the performance, the traditional appraisal systems were designed to ensure the minimum standards and to control staff's performance. It was named in 1994 by Randall as staff control.
In short, the shifts in performance evaluation, in recent years are asfollows: Soliman and Spooner (2000): 1. Emphasizing on the development instead of control 2. Use of consensus based approaches 3. Assess performance rather than meriting competencies and behavioral standards 4. Provide performance feedback from subordinates and colleagues 5. Leading appraisal results to performance based payments 6. Reducing bureaucracy and determining the process owners 7. Focusing on their potential rather than focusing on skill shortages
The success of a staff performance appraisal system should be scrutinized by several key indicators . Another point about the appraisal system, is the extent of compatibility with the organizational context (Soliman and Spooner, 2000) . The performance evaluation becomes more complex by introducing new measures and this leads to a lack of appropriate valuation because of visibility, relativeness, importance and practicality and this may weaken usefulness of performance appraisal system (Ghorpade et al., 1995) . Today, numerous human resources appraisal systems are used, but they do not have the sufficient effectiveness (Ebrahim, 2003) .
There are several methods which are proposed to evaluate the performance of KWs, but none of them has been accepted universally (Drucker, 1999) . Drucker (1968) noted that the productivity of knowledge workers is the hardest task in the present era as productivity of manual workers in last age was the most important task of manager. Evaluating the performance of knowledge workers is the first step for their productivity analysis. Benefits of knowledge workers performance evaluation include improved personnel selection, allocation of tasks, identification of additional expertise, rewards and payments, anticipated performance, strategic planning, identifying needs and improve planning to reduce the subjectivity of evaluation and identify best patterns (Drucker, 1968) . In addition to above performance assessment impacts on all dimensions of knowledge management, including knowledge acquisition, documentation, transmission, creation and development, so it does have an important role in knowledge management as well (Ray and Sahu, 1989) . In this regard, Soliman and Spooner (2000) developed a model of human resource management with performance evaluation as one of fundamental aspects of knowledge management (Sink, 1985) . In addition to the benefits provided by KW performance system, its disadvantages should also be considered. For example, the uniqueness of knowledge workers nature should not be forgotten. The difference between craft and knowledge should be considered in the designing measures (Overby, 1983) . It should be remembered that performance system must examine the efficiency of knowledge workers for an industry, a job or specific organization (Pepitone, 2002) .
There are three keys elements that should be included for evaluating the performance of knowledge workers (Soltani et al., 2004): 1. What is measured 2. How to measure
Cultural issues
Since that usually there is no job description for KWs, therefore defining both qualitative and quantitative measures particularly in high organizational levels is perplex (Soltani et al., 2004) . Mundel (1975) debated that the productivity of KWs can be measured through the following questions (Mundel, 1975 analysis and data envelopment analysis, are examples of methods that are used in a variety of studies (Bok and Raman, 2000) . Ray and Sahu (1989) suggested a methodology of measuring knowledge workers productivity as "pragmatic efficiency measurement" that involves three main steps (Ramı´rez and Nembhard, 2004) :
(1) Classification of knowledge works (2) The relationship between them (3) The development of models to measure efficiency This method measures the efficiency of KWs by viewing sample in predetermined periods of time rather than random times during the working day deals. It does meet a flexibility, simplicity and low cost which ensure its application in the enterprise area (Nickols, 2000) . Ray and Sahu (1989) suggested a method to measure efficiency by assessing how much of what should be done, is really done, which they called it achievement method. The efficiency is the ratio of the number of tasks performed to total assigned tasks (Ramı´rez and Nembhard, 2004) . Percentage of time spent on value-added activities is another potential measure of KWs productivity (Agarwall, 1980) . This method pursues desirable and useful activities, based on their contribution to achieving objectives and the amount of time spent on those activities. Productivity measures are the number of hours spent on value added activities to the total working time (Agarwall, 1980) .
Professional time utilization (PTU) is another a measure of KW efficiency which is defined by
the ratio of time spent on useful tasks to the total time spent on the whole job (Ramı´rez and Nembhard, 2004) . This is a measure helps to quantify the percentage of time that workers participate in sampling and other techniques. Higher PTU shows that worker spent more time on added value activities. The value-added method is debated as a fruitful method to measure KWs productivity, while it is accompanied by qualitative measures. Some researchers have emphasized on the importance of quality as a main factor of KWs efficiency and advocated it uses in KWs efficiency measurement (Naisbitt, 1982; Drucker, 1999; Davenport and Prusak, 2000) .
There is consensus on the vital role of quality in KWs efficiency based on the literature.
Output by itself is not enough to determine the efficiency KWs. For instance, one can measure the productivity of scholars by the number of published articles since that the quality of articles are assessed in peer review process (Green and Secret, 1996) . Economic Analysis (value added approach) is another method for measuring the efficiency of KWs where organizations look for outputs such as money, savings, earnings and higher sales (Davis, 1991) . This revenue per employee compared with each employee related costs. The more the net income per knowledge worker is, the better the performance is. However, this method is employable easier for a variety of KWs such as vendors, consultants and some engineers than the others including Executive Vice President and designers. In almost 60 years of literature review, researchers directly and indirectly measure the various aspects of KWs efficiency. It is evident that one method by itself cannot cover all aspects of KWs productivity. Some aspects of productivity which are considered important by scholars were not as important in practical models (Pepitone, 2002) .
KWs productivity measures after a deep literature review based on the frequency of use in different methodologies can be summarized as follows (Pepitone, 2002 Reliability is the capabilities of model in practice and strategic convergence in line with the strategic objectives (Soltani et al., 2004) . 
RESEARCH METHODOLOGY
This study aims to develop a model on knowledge workers performance evaluation for a knowledge-based Iranian research center. It is a descriptive research based on correlational analysis. To this aim, some important and frequent measures are extracted from literature review, then Delphi method applied 5 times to reach consensus among expert's opinions. Ultimately the conceptual model of KWs appraisal as depicted in Figure 3 , developed and scrutinized with CFA analysis which lead to model confirmation at the end.
A justified questionnaire administered among 212 sampled researchers as a research tool.
The questionnaire reliability also investigated employing Cronbach's alpha which was about 0.895 and the validity was confirmed by construct validity through CFA. SPSS and LISREL software were employed for data analysis. GFI and AGFI values were 0.95 and 0.89, respectively and the amount χ2/df was equal to 2.2 and RMSEA index was equal to 0.081 which proves a good fit of the model to gathered data.
RESULTS AND DISCUSSION
Furthermore in order to determine the importance and ranking of appraisal indices Friedman test were deployed. Implementation of the Friedman nonparametric test achieved a significant level of 0.00, which indicates there is a significance difference between the appraisal indices. Table 1 shows the results of the test. Based on results the most important indices are ranked decreasingly. organization has managed strategic orientation, which would be established between the researchers and experts. The respondents of the questionnaire were researchers and experts that are shown the strategic direction of the organization, the institutionalization of the organization's goals and strategic objectives align with the goals of individuals (Table 2) . Also, results indicate good alignment between organizational goals and individual researchers. The model is summarized and finalized in figure 3 . Results depicted that among all the performance measures, invention and innovation within the research aspect is the most important and significance factor with average response equal to 4.35, among the 212 gathered questionnaires. Collaborating on research projects and presenting seminars are the least important factors according to respondents points of views and other factors are distributed between these two factors. Based on Takala et al. (2006) assessment model
